The presence of male siblings in utero influences female morphology and life-history traits because testosterone transferred among foetuses may masculinize females. Similarly, litter sex composition might alter the display of sexually dimorphic behaviour, such as play and allogrooming, since they are modulated by androgens. We explored whether masculinization alters the frequency of play and sociopositive behaviour in female yellow-bellied marmots (Marmota flaviventris). We found that masculinized juvenile females were more likely to initiate play and allogrooming, but yearling females exhibited higher levels of oestrogen-modulated sociopositive behaviours. Additionally, the more they interacted, the greater number of different partners they interacted with. Our results suggest that masculinization increases the rate of age-dependent social behaviour. This probably works by increasing exploration that predisposes individuals to higher encounter rates. Further support comes from previous findings showing that masculinized females were more likely to disperse. Our study stresses the importance of considering litter sex composition as a fitness modulator.
INTRODUCTION
Being born into a male-biased litter might have longlasting effects on siblings, because males start producing testosterone in utero at an early stage [1] . Testosterone diffuses through the placenta and provokes organizational and activational changes in the neighbouring foetuses [2] . The effects are usually stronger for females, and apparent by masculinization of morphological, behavioural, physiological and life-history traits [3] . Several studies have shown that the anogenital (AG) distance in rodents is a proxy of masculinization [4, 5] . Males have larger AG distances than females, and females treated with androgens have larger AG distances than non-treated females [6] . Some behaviours are triggered by the interaction of androgens with the androgen receptor in the amygdala [7, 8] , such as play fighting and allogrooming, and are dimorphic in polygynous species.
Males usually initiate more play fights, whereas females are usually more engaged in other sociopositive behaviours where oestrogens play a leading modulatory role [8] [9] [10] . Behavioural modifications have not received much attention and might be important modulators of fitness [11] . Social play has physical, social and developmental consequences on the individual [12] . Its dimorphic nature suggests that one of the ultimate functions might be to hone skills that might increase later reproductive success [10, 13, 14] because the motor patterns observed are similar to those of adults during agonistic encounters [15] .
Thus, social play might be an important behaviour to study because: (i) events during early life are important fitness modulators [16] , and (ii) it is sexually dimorphic, so we might expect differences between masculinized and non-masculinized females. We examined the effects of masculinization on the frequency of play fighting, allogrooming and female-like sociopositive behaviour in female juvenile and yearling yellow-bellied marmots. We expected to find higher frequencies of male-type behaviour in masculinized females (those with larger AG distance indexes). Furthermore, we expected to find that non-masculinized females engage in femalelike sociopositive behaviour. We explored whether the effects were long-lasting and if so, we would expect to find similar patterns in female juvenile and yearling marmots.
MATERIAL AND METHODS
From 2002 to 2009, we regularly observed 10 social groups of yellow-bellied marmots in and around the Rocky Mountain Biological Laboratory, Colorado. Marmots are individually marked and we followed their fate from natal emergence to death. Natal emergence date was determined by regular observations. We trapped the juveniles with Tomahawk traps as soon as they emerged from the natal burrow, ear-tagged them and drew an individual symbol on their back with Nyanzol fur dye to facilitate behavioural observations. We weighed them and measured the AG distance (the distance from the centre of the genital papilla to the anus). We took a hair sample for later DNA parentage assignment (for further details about the procedure and the study population, see [17] ). We calculated an AG distance index by extracting the standardized residuals of the relation between AG distance and body mass [3, 5] .
We observed all the colonies most days during the active season of the marmots (mid-April to mid-September). We continuously recorded the social behaviour of juveniles and yearlings [18] . We differentiated between play and other sociopositive behaviours, such as sitting in proximity, greeting and allogrooming (for further details about the sociogram, see [19] ). We calculated the frequencies of play fighting initiated and received, allogroom initiated and received, and total sociopositive behaviour (excluding play). We calculated the frequency of occurrence of the different behaviours by relating the number of events to the total observation time of the colony. Moreover, we recorded the identity of the partners they interacted with.
For data analysis, we fitted generalized linear mixed models (GLMM) with a gamma distribution and an inverse link. We used the function glmmPQL from library MASS from the statistical package R, v. 2.13.0 [20] . For all the analyses, we included the AG distance index and litter size as fixed factors. For both age classes (and especially for juveniles) most of the recipients and/or initiators of the social interactions were siblings, so we incorporated litter identity as a random factor to control for any litter effect.
We analysed whether the number of different partners they interacted with was a function of the AG distance index and the frequency of interactions. Litter identity was included as a random factor. We fitted GLMM with a Poisson distribution and a log link, with the function lmer from the package lme4. 
RESULTS

DISCUSSION
Litter sex composition has important masculinizing effects on the litter. The effects are usually stronger in females, apparent by morphological modifications and fitness consequences [4 -6] . In this study, we showed that masculinized juvenile females, those with larger AG distances, engaged in more male-like behaviours, such as play fighting and allogrooming, while masculinized yearling females had higher rates of non-playful but nevertheless sociopositive behaviour. Also, the individuals that interacted more did so with a greater number of partners.
The development of allogrooming and play fighting are modulated by androgens, appear at very early ontogenetic stages, and are more frequent in males than in females [21] . In other species, females treated with testosterone show similar play frequencies as males, and these females play more than non-masculinized females [7] . The effect in marmots was apparent in juveniles. In marmots, play contains motor patterns similar to those observed in adult agonistic encounters and might hone competitive skills [15] . Under limiting conditions, masculinized females might have higher competitive abilities to monopolize resources [22] . Whereas the proximate mechanism could rely on testosterone, play fighting might hone the physical and social skills necessary to succeed later in life.
The higher frequencies of play fighting disappeared in masculinized yearlings, probably because of the ontogeny of the behaviour [14] . However, they engaged in more female-like behaviours, such as total sociopositive behaviour. Perhaps masculinized females simply engage in those behaviours that peak in each ontogenetic state, independently of the nature of the behaviour, and this might be driven by higher exploration rates: an animal that explores more will increase its rate of encounters with conspecifics, increasing the chances of social interactions. Higher rates of interactions might have several important consequences, from influencing disease dynamics [23] to indirectly increasing an animal's fitness [24] . Some evidence of increased exploration rates comes from the lack of selectivity of the interactions: females that interacted more did so with a greater number of different partners. Moreover, exploration is a male-like behaviour and masculinized females are more exploratory than non-masculinized females [25] . Exploration might trigger higher dispersal rates, and previous studies found that masculinized females are more likely to disperse [5, 26] . This might have important consequences if investing in the dispersing sex has fitness benefits, as expected under a local resource competition scenario [27] . Individuals with higher testosterone levels might increase their chances of successful dispersal, settlement and competition for resources in the new environment.
In conclusion, we showed how masculinization affects the frequency of social interactions in young yellowbellied marmots, suggesting a link between prenatal androgens and behavioural styles. Endocrine-disrupting chemicals are now widespread in our environment and are known to impact neuroendocrine and neurobehavioural development in the laboratory. While we have no information on whether endocrine disruptors are present at our remote study site, these results further illustrate the diverse consequences that endocrine disruptors might have in wild animals.
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